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Abstract 

Background: Between 5 and 20% of patients undergoing ACL reconstruction fail and require revision. Animal 
studies have demonstrated slower incorporation of allograft tissue, which may affect the mechanism of graft failure. 
The purpose of this study is to determine the location of traumatic graft failure following ACL reconstruction and 
investigate differences in failure patterns between autografts and allografts. 

Methods: The medical records of 34 consecutive patients at our center undergoing revision ACL reconstruction 
following a documented traumatic re-injury were reviewed. Graft utilized in the primary reconstruction, time from 
initial reconstruction to re-injury, activity at re-injury, time to revision reconstruction, and location of ACL graft tear 
were recorded. 

Results: Median patient age at primary ACL reconstruction was 18.5 years (range, 13-39 years). The primary 
reconstructions included 20 autografts (13 hamstrings, 6 patellar tendons, 1 iliotibial band), 12 allografts (5 patellar 
tendon, 5 tibialis anterior tendons, 2 achilles tendons), and 2 unknown. The median time from primary 
reconstruction to re-injury was 1.2 years (range, 0.4 - 17.6 years). The median time from re-injury to revision 
reconstruction was 10.4 weeks (range, 1 to 241 weeks). Failure location could be determined in 30 patients. In the 
autograft group 14 of 19 grafts failed near their femoral attachment, while in the allograft group 2 of 1 1 grafts 
failed near their femoral attachment (p < 0.02). 

Conclusions: When ACL autografts fail traumatically, they frequently fail near their femoral origin, while allograft 
reconstructions that fail are more likely to fail in other locations or stretch. 

Level of evidence: Level III - Retrospective cohort study 

Keywords: Anterior cruciate ligament, Failure, Location, Autograft, Allograft 



Background 

The anterior cruciate ligament (ACL) is commonly injured 
and is the most frequently reconstructed ligament of the 
knee. Reconstructive techniques have evolved over time 
with variable results [1]. Modern intra-articular recon- 
structive techniques allow clinically stable ligament 
reconstruction in the majority of cases; however, 
failed reconstruction continues to be a problem. 

Failure rates of ACL reconstruction are difficult to as- 
sess because the definition of failure is not absolute, but 
many clinical outcome studies place the failure rate 
between 5 and 20% [1-5], Although failure of ACL 
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reconstruction is not limited to cases of persistent or re- 
current instability [3,6,7], instability is the most frequent 
reason for revision ACL reconstruction. Johnson et al. 
classified the etiology of post-operative instability as tech- 
nical error, failure of graft incorporation, or recurrent 
trauma [8]. Traumatic re-injury has been reported in 22- 
28% of patients in several large series [6,9,10]. Traumatic 
re-injuries may be more common in younger, more active 
patient populations. 

Increased activity level and the use of allograft tissue in 
ACL reconstruction have been associated with increased 
graft failure rates [11]. Animal studies have demonstrated 
slower incorporation of allograft tissue and demonstrated 
decreased failure loads for allografts up to one year follow- 
ing reconstruction [12], An understanding of how grafts fail 
is critical in assessing the reasons for these failures and 
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ultimately in decreasing failure rates. However, we are un- 
able to locate any reports in the literature detailing the loca- 
tion of failure of ACL grafts in the case of traumatic re- 
injury. We hypothesize that autograft ACL reconstructions 
will fail near their femoral origin, similar to native ligament 
tear locations, while allograft reconstructions will fail in 
other locations. 

Materials and methods 

Patient selection and data extraction 

Between February 28, 2006, and March 25, 2010, the two 
senior authors performed 370 ACL reconstructions, includ- 
ing 44 revision cases. Of these 44 patients, 10 reported no 
re-injury to their knee prior to the revision ACL recon- 
struction. These 10 patients were excluded, leaving 34 
patients for this analysis. After obtaining approval from our 
institutional review board, the medical records of these 
patients were reviewed to verify the diagnosis. Patient 
demographics, surgical details of the primary ACL recon- 
struction, time from reconstruction to re-injury, activity at 
re-injury, time from re-injury to revision reconstruction, 
and location of graft tear were collected from the medical 
record. Location of the graft tear was determined from both 
the operative report and from intra-operative photographs. 

Statistical analysis 

Because patient ages, times from primary reconstruction 
to re-injury, and times from re-injury to revision recon- 
struction were not normally distributed, they were 
described in terms of median and inter- quartile (IQ) 
range rather than as means with standard deviations. 
Fisher s exact test was utilized to compare nominal vari- 
ables between the autograft and allograft groups and a 



Mann-Whitney U test was used to compare continuous 
variables between the two groups. 

Results 

The median age of the 34 patients at primary ACL recon- 
struction was 18.5 years (Inter-quartile range 16.3 - 
22.0 years, overall range 13-39 years). The primary recon- 
structions included 20 autografts (13 hamstrings, 6 patel- 
lar tendons, 1 ilio tibial band), 12 allografts (5 patellar 
tendon, 5 tibialis anterior tendons, 2 Achilles tendons), 
and 2 unknown. The median time from primary recon- 
struction to re-injury was 1.2 years (IQ range 0.5 - 
3.2 years, overall range 0.4 - 17.6 years). Twenty-seven 
patients were re-injured during athletic activities, two dur- 
ing military service, and five during other activities. The 
median time from re-injury to revision reconstruction was 
10.4 weeks (IQ range 5.1 - 29.0 weeks, overall range 1 to 
241 weeks). No significant differences in these variables 
were noted between the autograft and allograft groups 
(Table 1). 

Graft tear location could be determined in 32 of the 34 
patients. Graft tear location was determined by operative 
report alone in 7 patients, by intra-operative photo alone 
in 4 patients, and confirmed by both methods in 21 
patients. Graft failure near the femoral attachment was 
noted in 17 patients (Figure 1). Graft failure near the tibial 
attachment was noted in 3 patients (Figure 2). Graft fail- 
ure in the mid-substance was noted in 6 patients 
(Figure 3). A stretched graft without disruption was noted 
in 4 patients (Figure 4). No graft tissue was seen in 2 
patients (Figure 5). We noted no cases in which the graft 
pulled out of either the femoral or tibial tunnels. 

Both primary reconstruction graft type and location of 
graft failure were known in 30 patients. In the autograft 



Table 1 Comparison autograft and allograft patient characteristics 





Autograft (n = 20) 


Allograft (n = 


= 12) 


Significance 


Median age at primary ACL reconstruction (IQ range) 


18 years (16-21 years) 


20.5 years (16 


).5 - 24.8 years) 


p = 0.32 


Gender 








p= 1.0 


Male 


6 (50%) 


1 1 (55%) 






Female 


6 (50%) 


9 (45%) 






Median time from initial reconstruction to re-injury (years) 


1.2 years (0.5 - 2.9 years) 


0.9 years (0.5 


- 3.2 years) 


p = 0.58 


Mechanism of Re-injury 








p = 0.29 


Basketball 


4 


4 






Soccer 


3 


3 






Other sports 


6 


5 






Non-athletic 


5 


0 






Military Training 


2 


0 






Median Time from re-injury to revision reconstruction (weeks) 


13.4 weeks (7.0 - 28.1 weeks) 


8.4 weeks (2i 


3 - 35.8 weeks) 


p = 0.44 


Median age at revision ACL reconstruction (IQ range) 


20 years (17.0 - 25.3 years) 


22 years (17.5 


! - 29.3 years) 


p = 0.78 



IQ = Inter-quartile. 
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Figure 1 An arthroscopic view of the femoral notch in a left 
knee demonstrating rupture of an anterior cruciate ligament 
(ACL) graft near its femoral attachment. The medial (MFC) and 
lateral (LFC) femoral condyles are labeled as is the synovium- 
covered posterior cruciate ligament (PCL). 




Figure 2 An arthroscopic view of the femoral notch in a left 
knee demonstrating rupture of an anterior cruciate ligament 
(ACL) graft near its tibial attachment. The medial (MFC) and 
lateral (LFC) femoral condyles are labeled as is the synovium- 
covered posterior cruciate ligament (PCL). 



group 14 of 19 grafts failed near their femoral attachment, 
while in the allograft group 2 of 11 grafts failed near their 
femoral attachment (p < 0.02) (Table 2, Figure 6). 

Discussion 

Very little data exist regarding the location of ACL graft 
failure following traumatic re- injury. It has long been 
noted that the native ACL, especially the larger antero- 
medial bundle, frequently tears near its femoral origin, 
leading to the appearance of the empty wall sign on 
arthroscopic evaluation [13,14]. One could hypothesize 



that the propensity the native ACL to tear in this prox- 
imal location is related to impingement of the ligament 
on the roof or wall of the intercondylar notch. The well 
documented inverse correlation between notch width 
and risk of ACL tear lends support to this view [15-17], 
although this correlation could also be explained by the 
fact having a narrower notch is associated with having a 
smaller ACL [18,19]. 

Regardless of the of etiology of proximal tearing in na- 
tive ligaments, it is likely that a well positioned and liga- 
mentized ACL graft would be predisposed to tear in the 




Figure 3 An arthroscopic view of the femoral notch in a left 
knee demonstrating rupture of an anterior cruciate ligament 
(ACL) graft in its mid-substance. The medial (MFC) and lateral 
(LFC) femoral condyles are labeled as is the synovium-covered 
posterior cruciate ligament (PCL). 




Figure 4 An arthroscopic view of the femoral notch in a left 
knee demonstrating stretching of an anterior cruciate ligament 
(ACL) graft in its mid-substance. The medial (MFC) and lateral 
(LFC) femoral condyles are labeled. 
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Figure 5 An arthroscopic view of the femoral notch in a left 
knee demonstrating disappearance of an ACL graft. The 

posterior cruciate ligament (PCL) and lateral femoral condyle (LFC) 
are labeled. 

\ J 



same proximal location. The fact that autografts in our 
series failed in other locations much more frequently 
than allografts may be explained by slower incorporation 
of allograft tissue. 

The process of revascularization and ligamentization is 
complex but is felt to follow a regular pattern [20]. Vascu- 
lar invasion of the graft is noted by three weeks, but the 
central portion remains poorly vascularized compared to 
the distal and proximal ends [21]. By eight weeks post- 
operative, the entire graft is generally revascularized when 



Table 2 Graft failure location by graft type 



Tear location 


Autograft 


Allograft 


Near femoral attachment 


14 


2 


Near tibial attachment 


1 


2 


Mid-substance 


1 


4 


Stretched 


2 


2 


No graft seen 1 1 



autograft is used [22]. Numerous animal studies [12,23,24] 
and as well magnetic resonance imaging (MRI) studies 
[25] in humans have demonstrated slower revasculariza- 
tion and ligamentization in allografts. Complete healing 
may never occur in some cases [26]. The increased inci- 
dence of graft failure in other locations in allografts in this 
study strengthens the argument that the increased failure 
rate of allograft reconstructions may be related to the 
slower and possibly incomplete ligamentization process. 

There are some limitations to this study. Primarily, the 
retrospective nature of the study limits both the informa- 
tion available regarding the primary ACL reconstruction 
(including sterilization technique used for allografts, the 
surgical technique, and rehabilitation protocol used) as 
well as the information available at the time of revision re- 
construction. A prospective study including a careful ana- 
lysis of graft failure location as well as histologic analysis 
of remaining graft tissue would be useful in confirming 
the correlation noted in this study. Additionally, we lacked 
sufficient data to accurately characterize tunnel locations 
of the failed ACL reconstructions. It is thus impossible to 
be certain which patients failed due to a combination of 



80 






- Autograft 






- Allograft 
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Near femoral Near tibial Mid-substance Stretched No graft tissue Not reported 
attachment attachement seen 

Location of Graft Rupture 

Figure 6 The distribution of autograft and allograft failure locations following anterior cruciate ligament (ACL) reconstruction. 

Autografts are noted to fail most frequently near their femoral origins. 
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tunnel malposition and traumatic re-injury and which 
failed due to trauma alone. Further, we identified patients 
with traumatic re-injury based solely on patient history as 
document in the medical record. This method may over- 
estimate the number of traumatic graft re-ruptures as 
patients may attribute re-injury to trivial trauma when 
then graft was already nonfunctional. The significant delay 
between re-injury and revision surgery in some cases may 
have obscured the location of graft failure. Finally, we lack 
histologic data or other information about the original 
ACL grafts, limiting our ability to ascertain the reasons for 
the different failure locations noted in the study. 

Conclusions 

When ACL autografts fail traumatically, they frequently 
fail near their femoral origin, leading to the empty wall 
sign frequently noted in primary ACL reconstructions 
Allograft reconstructions that fail are more likely to fail in 
other locations or stretch. 
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ACL: Anterior Cruciate Ligament; IQ: Inter-quartile; MRI: Magnetic Resonance 
Imaging. 

Competing interests 

Financial competing interests 

• In the past five years have you received reimbursements, fees, funding, or 
salary from an organization that may in any way gain or lose financially from 
the publication of this manuscript, either now or in the future? Is such an 
organization financing this manuscript (including the article-processing 
charge)? If so, please specify. No 

• Do you hold any stocks or shares in an organization that may in any way 
gain or lose financially from the publication of this manuscript, either now or 
in the future? If so, please specify. No 

• Do you hold or are you currently applying for any patents relating to the 
content of the manuscript? Have you received reimbursements, fees, 
funding, or salary from an organization that holds or has applied for patents 
relating to the content of the manuscript? If so, please specify. No 

• Do you have any other financial competing interests? If so, please specify. No 
Non-financial competing interests 

• Are there any non-financial competing interests (political, personal, 
religious, ideological, academic, intellectual, commercial or any other) to 
declare in relation to this manuscript? If so, please specify. No 

Author details 

department of Orthopaedic Surgery, Sports Health and Performance 
Institute, The Ohio State University Medical Center, Columbus, OH 43221, 
USA. 2 Duke Sports Medicine, Duke University Medical Center, DurhamNC 
27710, USA. 

Authors' contributions 

RAM conceived the study, collected the data, performed the statistical 
analysis, and wrote the initial draft f the manuscript. DCT performed surgical 
procedures and aided in revision of the draft. APT performed surgical 
procedures and aided in revision of the draft. WEG conceived the study, 
performed surgical procedures, and aided in revision of the draft. All authors 
read and approved the final manuscript. 

Received: 30 June 201 1 Accepted: 14 June 2012 
Published: 14 June 2012 

References 

1. McCulloch PC, Lattermann C, Boland AL, Bach BR Jr: An illustrated history 
of anterior cruciate ligament surgery. J Knee Surg 2007, 20(2):95-104. 



2. Fox JA, Pierce M, Bojchuk J, Hayden J, Bush-Joseph CA, Bach BR Jr: 
Revision anterior cruciate ligament reconstruction with 
nonirradiated fresh-frozen patellar tendon allograft. Arthroscopy. 
2004, 20(8):787-794. 

3. George MS, Dunn WR, Spindler KP: Current concepts review: revision 
anterior cruciate ligament reconstruction. Am J Sports Med 2006, 
34(12):2026-2037. 

4. Greis PE, Johnson DL, Fu FH: Revision anterior cruciate ligament surgery: 
causes of graft failure and technical considerations of revision surgery. 

Clin Sports Med 1993, 12(4):839-852. 

5. Noyes FR, Barber-Westin SD: Revision anterior cruciate surgery with use of 
bone-patellar tendon-bone autogenous grafts. J Bone Joint Surg Am 2001, 
83-A(8):1 131-1 143. 

6. Carson EW, Anisko EM, Restrepo C, Panariello RA, O'Brien SJ, Warren RF: 
Revision anterior cruciate ligament reconstruction: etiology of failures 
and clinical results. J Knee Surg 2004, 1 7(3):1 27-1 32. 

7. Johnson DL, Fu FH: Anterior cruciate ligament reconstruction: why do 
failures occur? Instr Course Lect 1995, 44:391-406. 

8. Johnson DL, Harner CD, Maday MG, Fu FH: Revision anterior cruciate 
ligament surgery. In Knee Surgery, Volume 1. Edited by Fu FH, Harner CD, 
Vince KG. Baltimore: Williams & Wilkins; 1994:977-995. 

9. Johnson DL, Swenson TM, Irrgang JJ, Fu FH, Harner CD: Revision anterior 
cruciate ligament surgery: experience from Pittsburgh. Clin Orthop Relat 
Res 1996, 325:100-109. 

10. Uribe JW, Hechtman KS, Zvijac JE, Tjin ATEW: Revision anterior cruciate 
ligament surgery: experience from Miami. Clin Orthop Relat Res 1996, 
325:91-99. 

11. Borchers JR, Pedroza A, Kaeding C: Activity level and graft type as risk 
factors for anterior cruciate ligament graft failure: a case-control study. 
Am J Sports Med 2009, 37(1 2):2362-2367. 

12. Dustmann M, Schmidt T, Gangey I, Unterhauser FN, Weiler A, Scheffler 
SU: The extracellular remodeling of free-soft-tissue autografts and 
allografts for reconstruction of the anterior cruciate ligament: a 
comparison study in a sheep model. Knee Surg Sports Traumatol 
Arthrosc 2008, 16(4):360-369. 

13. Bach BR Jr, Warren RF: "Empty wall" and "vertical strut" signs of ACL 
insufficiency. Arthroscopy 1989, 5(2):1 37-140. 

14. Zantop T, Brucker PU, Vidal A, Zelle BA, Fu FH: Intraarticular rupture 
pattern of the ACL. Clin Orthop Relat Res 2007, 454:48-53. 

15. LaPrade RF, Burnett QM 2nd: Femoral intercondylar notch stenosis and 
correlation to anterior cruciate ligament injuries. A prospective study. 
Am J Sports Med 1994, 22(2):1 98-202. discussion 203. 

16. Lund-Hanssen H, Gannon J, Engebretsen L, Holen KJ, Anda S, Vatten L: 
Intercondylar notch width and the risk for anterior cruciate ligament 
rupture. A case-control study in 46 female handball players. Acta Orthop 
Scand 1994, 65(5):529-532. 

17. Souryal TO, Moore HA, Evans JP: Bilaterality in anterior cruciate ligament 
injuries: associated intercondylar notch stenosis. Am J Sports Med 1988, 
16(5):449-454. 

18. Shelbourne KD, Facibene WA, Hunt JJ: Radiographic and intraoperative 
intercondylar notch width measurements in men and women with 
unilateral and bilateral anterior cruciate ligament tears. Knee Surg Sports 
Traumatol Arthrosc 1997, 5(4):229-233. 

19. Davis TJ, Shelbourne KD, Klootwyk TE: Correlation of the 
intercondylar notch width of the femur to the width of the 
anterior and posterior cruciate ligaments. Knee Surg Sports Traumatol 
Arthrosc 1999, 7(4):209-214. 

20. Menetrey J, Duthon VB, Laumonier T, Fritschy D: "Biological failure" of the 
anterior cruciate ligament graft. Knee Surg Sports Traumatol Arthrosc 2008, 
16(3)224-231. 

21 . Arnoczky SP, Warren RF, Ashlock MA: Replacement of the anterior cruciate 
ligament using a patellar tendon allograft. An experimental study J Bone 
Joint Surg Am. 1986, 68(3)376-385. 

22. Aim A, Gillquist J, Stromberg B: The medial third of the patellar ligament 
in reconstruction of the anterior cruciate ligament. A clinical and 
histologic study by means of arthroscopy or arthrotomy. Acta Chir Scand 
Suppl 1974, 445:5-14. 

23. Jackson DW, Grood ES, Goldstein JD, Rosen MA, Kurzweil PR, Cummings JF, 
Simon TM: A comparison of patellar tendon autograft and allograft used 
for anterior cruciate ligament reconstruction in the goat model. 

Am J Sports Med 1993, 21 (2):1 76-1 85. 



Magnussen et al. Sports Medicine, Arthroscopy, Rehabilitation, Therapy & Technology 2012, 4:22 
http://www.smarttjournal.eom/content/4/1/22 



Page 6 of 6 



24. Nagano J, Shino K, Maeda A, Nakata K, Horibe S: The remodelling process 
of allogeneic and autogenous patellar tendon grafts in rats: a 
radiochemical study. Arch Orthop Trauma Surg 1996, 1 1 5(1 ):1 0—1 6. 

25. Muramatsu K, Hachiya Y, Izawa H: Serial evaluation of human anterior 
cruciate ligament grafts by contrast-enhanced magnetic resonance 
imaging: comparison of allografts and autografts. Arthroscopy. 2008, 
24(9):1 038-1 044. 

26. Hulstyn M, Fadale PD, Abate J, Walsh WR: Biomechanical evaluation of 
interference screw fixation in a bovine patellar bone-tendon-bone 
autograft complex for anterior cruciate ligament reconstruction. 

Arthroscopy. 1 993, 9(4):41 7-424. 



doi:1 0.1 186/1758-2555-4-22 

Cite this article as: Magnussen et al.: ACL graft failure location differs 
between allografts and autografts. Sports Medicine, Arthroscopy, 
Rehabilitation, Therapy & Technology 2012 4:22. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



